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(57) ABSTRACT

A bottom wall of a Petr1 dish used for capturing a cell 1s
provided with a first through hole and a second through hole.
A grove that connects the first through hole and the second
through hole 1s formed on an outer surface of bottom wall.
The first through hole, the second through hole, and the grove
1s covered with a transparent plate member. A plate used for
capturing the cell 1s arranged 1n the Petri dish above the first
through hole. An aspiration tube 1s connected to the second
through hole from 1nside the Petr1 dish.

10 Claims, 12 Drawing Sheets
020
910
911
930

SURPLUS CELL
COLLECTION FLOW PATH

800 . INTRODUCED CELL
COLLECTION FLOW PATH

410



U.S. Patent Nov. 22, 2011 Sheet 1 of 12 US 8,062,882 B2

FI1G. 1

100

111

130

110 140

300

FI1G.2

200

ASPIRATION
PUMP

120 140 142 400



2.882 B2
U.S. Patent Nov. 22, 2011 Sheet 2 of 12 US 8,06

FIG.3

° o / 33
uuuuu o
o 0O g o O '
uaﬂ 'na ""
uﬂn o® oo
6 Og nﬂﬂﬂnnu
*:n::n uﬂﬁa
an:ﬁ = ol




U.S. Patent Nov. 22, 2011 Sheet 3 of 12 US 8,062,882 B2

510 ' """" L 520

FIG.5B

510, 530 542 520

540



U.S. Patent Nov. 22, 2011 Sheet 4 of 12 US 8,062,882 B2

4q0 f_—/

110 130
"~ 140
510 520

FIG.7

" 130
110 120 142 400



U.S. Patent Nov. 22, 2011 Sheet 5 of 12 US 8,062,882 B2

FIG.8A

610 210

SURPLUS
CELLS 100

510 ?30 542

-
¥y
-------

110 300 120 142 400 540

FIG.8B

V LIQUID
610 Sy

SURPLUS |55 100

110 300 120 142 400 ;540



U.S. Patent Nov. 22, 2011 Sheet 6 of 12 US 8,062,882 B2

FIG.9A
544 500a
, 300 —
910 520
544 53 59
FIG.9B
5%5 500b
511
520
511
645 530 2540
510 520

547 530 540



U.S. Patent Nov. 22, 2011 Sheet 7 of 12 US 8,062,882 B2

910

]
-.'.
.......
i >
I. L
b

INTRODUCED 912

CELLS
\ ........ \ 950
T : 913 .
.......... SURPLUS CELL
-------- R COLLECTION FLOW PATH
800 " INTRODUCED CELL
COLLECTION FLOW PATH

410



U.S. Patent

Nov. 22, 2011 Sheet 8 of 12

FI1G.11

b b b 4 = 2 mw d W E S AT AEEY AR
& & & & F  m WY F a2 E R "R F B

- *
atetaT e ae"

- ¥
- m a m & " " FE gFB

E ]
T m 3y mE F F§F-=

a4 " fFF 21 & & & & & B ' T+ 4 F a0
a F BB F &R Rk R

I'.I.I'I'l

" B & ]
" F# B B B & 4 &

FLOW OF LIQUID

930 —

= F ®E B + & + 4 =
-

* & =
* % & w kv b bk EN
- L L N B i‘i L | i'i * 0

o
LR N
= B

a
* & 8 ¥

-
& B F & & & k&
- " -

-
" §E & @& ® ¥ ¥ 5B =B B &
" B & 4 % ¥ 2 B B &

& B ®E 4 ® B B B % B B ¥ ¥+ B F B &

* - [ N | " E W E N RN E RN B &
| | " = §E #F 4 B B ¥ F EE &
L - LR B O
% o= 4« & m N LB BN B
* ] 4 B " ¥ 2 N E &
[ ]
iy, gk i, ¥ by L
o A ] [ B B B B . =
a & | ] [ B B B ]
* F n L | - 4
4 4 L | [ I | [ ]
k& a L] - ] L |
* 1 k w oaw - = = m L]
* % & b ¥ wrw | I | L ]
* 0 &  d ww 4 u b m @ @ L]
* * & F F ucr - & * »
* % b b F um L B B L ]
= & ¥ K & ¥+ 4 & L
& F 0 b * v B LI
* k¥ F BT £ & L |
= 4 & B % & & LN B |
LR NN R NN RN L I L ]
* ¥ & F & & * & &
= & ¥F F F & {1 & L N L
¥ = ¥y ¥F FEw - rer
= & & 4 0 &t & L
= q FF & FE * F & &
LI N | * F
& 4 F N & ok = ok o N FEF R A
= & & F 8 4 4 & & & & % & F & ¥ B4 LS FEER A
= & p B F &L & * L L
.h -
- LR T O O
- - LI
= LI .
= & F B L B NN
] LRI ]
= & & g L E B
- LRI O]
L IE TR IR Y LR I A
= R EN
I F = AR 4 B F FF A &
- ] LK | LR ] & & & B & & B §J §F & 4§ B B R &
4 4 m & 4 » & B R E N & E A & & 4 & N E E N FFE§ FE & § R & = [ N |
== LRI R ELTEEREE AT EEREEE SN d 13
4 W = @ ¥ 5 N 4 & & & 4 B B % BN b b AR
] # 2 8 & B B §F R
] 4 B = % B B R F F S & F &
] & & % g 8B F r & 8B B BB FEE
] " & & p W A B E & 2N & B E S BERBE
& *F F B B B &R & N & 4 & B B 2 B ER B BFFER
I v m 2 a = " & & & ke R
= =R " R R RN -
T "N ER - & w "R EREE A FR
] =R - a1 ® ]
= 4 = a - m ¥ - 5 AR
[ ] " = m & - B B W 4
4 5 m & " AR 4 = B N A ®
& | BN Y 4 % 5B F ]
LIE R > E B R 4 B B & & g
- [ I Y + % 2 -
T 4 F R 2 N EEE N § & ERB = B B ¢ AW 4 E =
L "N R & FEE RSN EEY RN
L " m A F F R ESE kW EEEE A
L] " F & F A B A - & i ==
* 4 & F v 2 R BB - = w w W =N
4 & w ] - % & d n
* 4 = = 8 = EE BB - & = 2 b b m
+ h = @ " 4 B B B B B+ B E @Y 2 »rud b
T & kA m W m m EmE m mE mE m m ®m E ®=m = ®m = - h b o=
L B N - 4 & =
* b F w ] - & u
4 & i n L I I |
LI B N [ ] - & =
L B I a % i
LI B N LN B B AN ] |
L B B I ] ] LI L I B |
* 4 F v v aa [ L BN B B N LR | LB L I
L I N - a & n k& "= E T E N L]
* & & k b uw oma - E B E BN - 2 = ¥ &
L B B N | 4 [ I | ] L I | L ]
* Bk - aoa - ] o -
* ik F a 4 & n L N B | | ] | I ] L ]
* % d F F uowE & - mn LI nw
& & d & v F 1 L] [ N ] [ I ] [ L
* & d & &+ A4 wm L I | [ ] [ I L I 3 [ ] "= m & 5 &

* ) CE]
" T F E S BN RN E R & EEE kR FESRY FER F = B
L - L] * & & ¥ b b uw b wvn v b st eEa
L ] LI =w = E»
LN LI LI ]
L ] 4 mn *w EE®
v 1 v % nn md monm
L - [
L L +* - k¥
L - L Y
L L] L) LI
L -+ [ ]
LIl ] - v d
LI L
L - * - w k¥
T & B T ) » &
L L] LR & * ¥+ 4
LI LI NN -y
L I | | I | - -, * B i
L N a4
[ | I ] O & 4 &
#.P. . - n
- ® -
L N | '. .'
L LY - f B
L | ] - m
L L ] ' w - . =
FEFE& ] LI B B |
L] L L N B " & & B
L ¥k B &k " EWEFE EEE NS SN EEEE S
LI N NN N I N & Fk & » a ¥ 2 R F EEEBF®R
LI LEL IR N N B N RN LR R LR R R R EEREREDRRE
" FEFEFTLREEE A F RS  * w b & > n b
T+ & & E & & &N A& &K F R F e EE
L] * * [ ]
*
+ -
]
L] [
[
1 LN
L |
L4 ’r»
i
L
4
LN
L |
LN
L
L ]
L
LN |
-
LN
L LN

US 8,062,882 B2

& & B & § B B B g & & + * & & b & -‘i - uw a = kn
]

* & 0
L N ] = rw
- & 3 ]
L -
- F ]
L [ ]
- [
i‘l‘i i*i i.
* & g 4 * 4 0 5 & ]
* & & d =41 K 7 & r
* &% & & # 0 °h # 4 [ ]
& B & ok k1B ]
& & & - ]
L |
L L] ]
a4 & N L]
- . »
LI L]
L | | |
* &= = n
L L L} L}
[ [ ]
- L] ]
= PR & AR E |
- LI IR | I |
" B R EFE AN EEFEENEFR -
= B §F &K L
4 % B = B N B & 4 A A N N &
] - m N BN E N & d & §g N EEF
4 E B R BB F A EE FE F AL A S EEE
| I | = ¥ E R N EE BN & | B |
- ]
]
[ ]
-
-
-
-

L B
* 4k L & & ¥+ &
* F W
* & & ] - [ ]
L B ] * & b
* b & 4 [ I I r
LI B LI N N
* b & ] | I | LR a
LI ENE R EBEEEREEREEERELEXEN.
* & & & ¥+ v r * b & F ¥ mw & * &
+ F ol & ¥ & mw ¢k F & &k E P
* & + B LI R IR OE B | e v 8 & 4
L JE I B LIE N [ IR
* & kB LK B | I | - w L I
* F & v + & | B
L I B L B [ I ] L]
* & +* [ I ]
L I | - L]
LI N | 3N ]
* & 0 L ] L |
1 & & & * b *
* & & L I | L]
* & & b
* & B R * & L ]
+ KR > | B ]
- 4 & L L |

-
LR

*
L

*
LR

-
L

L}
LR

*

*

- - a B g kR L] L
& & § B B §F ¥ FFFIEFEFEFE 5 FFEF R FRER



U.S. Patent Nov. 22, 2011 Sheet 9 of 12 US 8,062,882 B2

FI1G.12

LIQUID SURFACE

960 POSITIVE PRESSURE 920

COLLECTION

800 913 912

&

FIG.13

300

NEGATIVE PRESSURE 920

T

a00 913 912

COLLECTION é;l -



U.S. Patent Nov. 22, 2011 Sheet 10 of 12 US 8,062,882 B2

120

110

400 140



U.S. Patent Nov. 22, 2011 Sheet 11 of 12 US 8,062,882 B2

FIG.15A

SURPLUS CELLS

300

310

FIG.15B

FLOW OF
LIQUID

310

L |
L
‘-.-
] -
-.-, a
------------

300 SURPLUS CELLS



U.S. Patent Nov. 22, 2011 Sheet 12 of 12 US 8,062,882 B2

330 7
CAPTUR%G PLATE CELL
PETRI DISH
100a
A CELL TURBID
SOLUTION
330 330

ASPIRATION
112

ASPIRATION
PUMP



US 8,002,832 B2

1
APPARATUS FOR CAPTURING CELL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus for capturing,
a cell for injecting a substance such as a gene or drug 1nto the
cell. More specifically, the invention relates to an apparatus
that allows observation of the cell while the substance 1s being,

injected 1n the cell.

2. Description of the Related Art

The injection (introduction) of genes or drugs 1nto cells
using a needle to alter their properties has recently been
carried out 1n the life science fields, and particularly 1n the
fields of regenerative medicine and genome drug develop-
ment. When mjecting a gene or drug into a cell, 1t 1s necessary
to 1mmobilize the cell to prevent 1t from moving. A cell
immobilizing plate (heremnafter, “cell capturing plate™) has
been conventionally used to immobilize a cell. The cell cap-
turing plate has a plurality of microscopic capturing holes.
The diameter of these holes 1s smaller than that of the cells.
The diameter of the cells can vary from 10 micrometers to 100
micrometers depending on the type of the cells. Cells are
caught, and thereby immobilized, 1n these holes when the
cells, or a liquid containing the cells, 1s aspirated from the
other side of the cell immobilizing plate with an aspiration
pump.

A microinjection method has been developed as a method
for 1injecting a gene or drug directly mto a cell through a
needle. In the microinjection method, an ultrafine needle
having a diameter of 1 micrometer or less (tip outer diameter:
1 micrometer, inner diameter: about 0.5 micrometers) and
f1lled with a drug 1s 1nserted 1nto a cell and the drug 1s injected
into the immobilized cell. This process 1s performed while
observing the cell and the needle under a microscope.

Petri dishes used in the conventional cell capturing appa-
ratus require a capturing plate that captures cells, a well for
holding a cell turbid solution, and on the bottom, a connection
for an aspiration tube from an aspiration pump used to aspi-
rate cells 1mnto microscopic capturing holes in the capturing
plate. Consequently, a structure 1s mainly employed for con-
ventional Petri dishes for cells in which microscopic holes are
formed at predetermined positions in a Petr1 dish, a cell cap-
turing plate 1s adhered to form a well, and the Petr1 dish 1s
placed on a unit that was machined to serve as an aspiration
connector from an aspiration pump.

FI1G. 17 1s a schematic block diagram of a Petr1 dish used in
a conventional cell capturing apparatus. A cell turbid solution
1s contained inside a Petr1 dish 100q, a through hole 112 1s
tormed approximately in the center ol the Petri dish 100a, and
a capturing plate 30 1s fixed on the through hole 112 by
adhesion and the like.

A plurality of micropores 330 are formed 1n the capturing
plate 30. Cells are captured 1n these micropores 330 by aspi-
rating the cell turbid solution from below with an aspiration
pump 200 through the through hole 112. The captured cells
can be observed with a microscope (not shown) from above
the Petr1 dish 100a.

Conventional techniques relating to capturing of cells have
been disclosed, for example, 1n Japanese Patent Application
Laid-open No. 2004-180555 and Japanese Patent Application
Laid-open No. 2004-163.

In the conventional Petr1 dish 100q, there has been a prob-
lem of the occurrence of leakage from a gap between the Petri
dish 100a and the capturing plate 30, thereby preventing the
necessary cells from being aspirated (captured) reliably.
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2

It 1s a common practice to observe the cells with a trans-
mitted light. Since the well and aspiration connection are
molded into a single unit as a result of machining in a con-
ventional Petri dish as previously described, however, the
machined surface on the bottom of the capturing plate cannot
be optically polished, thereby resulting 1in the problem of
being unable to observe the cells from below the capturing
plate with transmitted light.

Furthermore, there are no particular considerations given
to the handling of imjected cells, which are cells 1n which a
substance has been 1njected, and empty cells, which are cells
in which the substance has not been injected because they are
not suitable for injection of the substance. Since a technique
capable of distinguishing between these injected cells and
empty cells has not been examined, a method of distinguish-
ing these 1mjected cells and empty cells 1s desired.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to at least solve the
problems in the conventional technology.

According to an aspect of the present invention, a cell
capturing apparatus, which 1s suitably used to capture a cell
and 1nject a substance 1nto captured cell while observing the
cell under a microscope, includes a cell capturing container
having a bottom wall and a side wall, the bottom wall includ-
ing a first through hole; a second through hole; and a groove
that connects ends of the first through hole and the second
through hole that open on outer surface of the bottom wall; a
transparent plate member that covers a portion of the outer
surface of the bottom wall including at least the first through
hole, the second through hole, and the groove; a capturing
plate disposed inner surface of the bottom wall and above the
first through hole; and an aspiration tube with one end con-
nected to an upper portion of the second through hole and
other end connected to an aspirating unit.

The above and other objects, features, advantages and tech-
nical and industnial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the mvention,
when considered 1n connection with the accompanying draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a top view of a Petri dish according to a first
embodiment of the present invention;

FIG. 2 1s a longitudinal cross-section of the Petr1 dish
shown 1n FIG. 1;

FIG. 3 1s a perspective view (front side view) of a capturing,
plate according to the first embodiment;

FIG. 4 1s a perspective view (back side view) of the cap-
turing plate shown 1n FIG. 3;

FIG. SA 1s a top view of an empty-cell collection plate
according to a second embodiment of the present invention;

FIG. 5B 1s a longitudinal cross-section of the empty-cell
collection plate shown 1n FIG. SA;

FIG. 6 1s a top view of a Petri dish on which the empty-cell
collection plate shown 1n FIG. SA 1s mounted;

FIG. 7 1s a longitudinal cross-section of a Petr1 dish on
which the empty-cell collection plate shown 1n FIG. 5A 1s
mounted along with some other relevant parts;

FIG. 8A 1s an explanatory diagram of the state prior to
collection of empty cells;

FIG. 8B 1s an explanatory diagram of the state during
collection of the empty cells;
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FIG. 9A 1s a top view of an empty-cell collection plate
according to a first example;

FIG. 9B 1s a top view of an empty-cell collection plate
according to a second example;

FIG. 9C 1s a top view of an empty-cell collection plate
according to a third example;

FIG. 10 1s a perspective view of a multifunctional flow path
plate according to a third embodiment of the present inven-
tion with other relevant parts;

FIG. 11 1s atop view of relevant parts of the multifunctional
flow path plate shown in FIG. 10;

FI1G. 12 15 a longitudinal cross-section of the state prior to
collection of mjected cells 1n the multifunctional flow path
plate shown in FIG. 10;

FIG. 13 1s a longitudinal cross-section of the state during
collection of the injected cells 1n the multifunctional flow path
plate shown in FIG. 10;

FI1G. 14 1s a perspective view of a capturing plate according,
to a fourth embodiment of the present invention;

FIG. 15A 15 an explanatory diagram to explain an example
ol an orientation of a capturing plate according to a fifth
embodiment of the present invention;

FIG. 15B 1s an explanatory diagram to explain another
example of an orientation of the capturing plate;

FIG. 16 1s a perspective view of a capturing plate according,
to a sixth embodiment of the present invention; and

FI1G. 17 1s a longitudinal cross-section of relevant parts of
a conventional Petr1 dish for capturing cells.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Exemplary embodiments of the present invention are
explained below 1n detail with reference to the accompanying
drawings. The following explains a summary and character-
istics of the structure of the Petr1 dish according to each
embodiment. It 1s followed by a detailed explanation of the
functions resulting from the constitution of the Petr1 dish, and
the constitutions and functions relating to an empty-cell col-
lecting member mounted to the Petr1 dish and a multifunc-
tional tlow path plate.

A Petr1 dish 100 according to a first embodiment 1s
explained below. This Petr1 dish 100 1s characterized in pre-
venting leakage, which has been a problem in the conven-
tional techniques, and facilitating observation of captured
cells.

An aspiration system 1s provided above the Petr1 dish 100,
and together with aspirating cells from above, a flow path
tormed on the Petr1 dish 100 1s made to facilitate observation
of captured cells by sealing with a transparent plate member
400 from below the Petri dish 100.

The Petr1 dish 100 1s explained 1n detail with reference to
FIGS. 1and 2. FIG. 11s atop view and FIG. 2 1s a longitudinal
cross-section of the Petr1 dish 100.

Namely, as shown in FIGS. 1 and 2, the Petr1 dish 100 1s
formed from a circular base (a bottom wall 110) and a periph-
eral wall 111, and two through holes 120 and 130, which are
mutually separated and open upward, and an intake flow path
140 for aspirating cells, are formed on the bottom wall 110 of
the Petr1 dish 100. The intake tlow path 140 1s composed by
connecting a first flow path 141 continuous with the through
hole 120, a second flow path 142, and a third flow path 143
continuous with the through hole 130.

The lower side of the intake tlow path 140 1s sealed by the
transparent plate member 400. Accordingly, a closed flow
path 1s formed within the intake flow path 140 through which
intake air passes from the aspiration pump 200. Furthermore,
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4

although the intake direction of the intake flow path 140 1s
provided on the upper side 1n this example, the intake flow
path 140 can be also made to, for example, intake from the
horizontal direction of the Petr1 dish 100.

A capturing plate 300 1s fixed by adhesion and the like to
the portion corresponding to the formed position of the
through hole 120 approximately 1n the center of the bottom
wall 110. More specifically, the attached position of the cap-
turing plate 300 1s selected so that the through hole 120 1s
positioned approximately in the center of the capturing plate
300.

This 1s because cells on the capturing plate 300 are reliably
aspirated through a plurality of micropores 330 formed on the
capturing plate 300 as will be described later. On the other
hand, an aspiration tube 210 for intake of air from the intake
flow path 140 1s attached by adhesion and the like to upwardly
opening the through hole 130 through a coupling (not shown).

The transparent plate member 400 1s sealed by aflixation to
the position below the capturing plate 300 where the through
hole 120 and the second tlow path 141 are formed. Conse-
quently, the transparent plate member 400 has a function of
serving as a distribution route by covering the intake flow path
140 formed on the Petr1 dish 100 from below, and a function
for observing cells with transmaitted light.

The characteristics and structure of the capturing plate 300
shown 1n FIGS. 1 and 2 are explained 1n detail with reference
to FIGS. 3 and 4. FIG. 3 1s a perspective view (front side view)
of the capturing plate 300 attached to the Petr1 dish 100. FIG.
4 15 a perspective view (back side view) of the capturing plate
300 1n an mverted state as viewed from the side of the trans-
parent plate member 400.

Namely, as shown in FIGS. 3 and 4, the capturing plate 300
1s composed 1n the shape of a square, an upwardly opening
rectangular concave portion 310 1s formed approximately in
its center, and a plurality of the micropores 330 are randomly
formed on the lower surface 320 of the concave portion 310.
The micropores 330 are formed for the purpose of capturing
cells through the first flow path 141 of the intake tlow path 140
with intake air that has been aspirated through the aspiration
pump 200 and the aspiration tube 210. This aspiration allows
cells to be captured 1n the capturing plate 300.

The diameter of the micropores 330 1s determined accord-
ing to the size of the cells to be captured. For example, 1n the
case of attempting to capture cells having a diameter of about
10 to 20 micrometers, the diameter of the micropores 330 1s
set to that which 1s smaller than the diameter of these cells.

Since the micropores 330 formed on the capturing plate
300 have a large aspect ratio, the portion where the
micropores 330 are formed must be thin. However, since
reducing the thickness of the entire capturing plate 300 results
in decreased strength, 1n this example, together with using a
s1licon material for the composite material of the capturing
plate 300, only the portion where the micropores 330 are
formed (the lower surface 320) 1s made to be thin. The use of
such a structure makes 1t possible to maintain the strength of
the capturing plate 300 1itself.

As has been explained above, according to the first embodi-
ment, the Petr1 dish 100 employs a constitution that a pair of
the through holes 120 and 130 are formed at two positions on
the bottom wall 110, the intake flow path 140 1s formed that
connects the lower openings of these through holes 120 and
130, the transparent plate member 400 1s provided that seals
the intake flow path 140 from below the bottom wall 110, the
capturing plate 300 1s disposed at the position of the upper
opening formed by the through hole 120, and the aspiration
tube 210 continuous with the aspiration pump 200 1s con-
nected to the upper opening of the through hole 130. Thus,
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cells can be reliably aspirated without the occurrence of prob-
lems such as leakage. Cells can be also easily observed with
transmitted light through the transparent plate member 400.

A second embodiment of a cell capturing apparatus of the
present mnvention 1s explained in detail. Namely, as shown in
FIGS. 5A, 5B, 6, and 7, the second embodiment 1s character-
1zed by having an empty-cell collection plate 500 for collect-
ing empty cells mounted on the Petri dish 100 1n addition to an
aspiration route (the intake flow path 140) formed at the
bottom of the Petr1 dish 100.

Injected cells and empty cells are both present on the sur-
face of the capturing plate 300. Thus, 1n the second embodi-
ment, by mounting the empty-cell collection plate 500 within
the Petr1 dish 100, these empty cells can be collected and
removed efficiently.

The characteristics and functions of the empty-cell collec-
tion plate 500 are explained in detail with reference to FIGS.
5A, 5B, 6, and 7. FIG. 5A 15 a top view and FIG. 3B 15 a
longitudinal cross-section of the constitution of the empty-
cell collection plate 500. FIG. 6 1s a top view of the Petr1 dish
100 on which the empty-cell collection plate 500 1s mounted,
and FIG. 7 1s their respective longitudinal cross-sections. As
shown 1n FIGS. 6 and 7, the empty-cell collection plate 500 1s
attached by adhesive and the like to the bottom wall 110 of the
Petr1 dish 100.

As shown 1 FIGS. SA, 5B, 6, and 7, the empty-cell col-
lection plate 500 1s composed 1n the shape of a square having
nearly the same dimensions as the inner diameter of the Petri
dish 100, and a pair of the through holes 510 and 520 at both
ends and an 1njection opening 530 approximately 1n the cen-
ter are formed together with a collection flow path 540.

Two through holes 510 and 520, which are mutually sepa-
rated and open upward, and the collection flow path 540,
through which collection liquid flows, are formed on the
empty-cell collection plate 500, and the collection flow path
540 1s composed by connecting a first flow path 541 continu-
ous with the through hole 510, a second tlow path 542, and a
third flow path 543 continuous with the through hole 520.

Since the bottom of the collection tlow path 540 1s sealed
by the upper surface of the bottom wall 110 of the Petr1 dish
100, a tlow path 1s formed that distributes collection liquid
within the empty-cell collection plate 500.

The through hole 310 functions as a liquid (cell turbid
solution, culture liquid, or physiological saline) discharge
hole, and a discharge tube 610 of a discharge pump 600 for
discharging cleaming water 1s connected to the through hole
510. The aspiration tube 210 of the aspiration pump 200 1s
connected to the through hole 520.

Collection of the empty cells by the empty-cell collection
plate 500 1s explained with reference to FIGS. 8A and 8B.
FIG. 8A 15 a diagram of the state prior to collecting the empty
cells, and at this time, as shown in FIG. 8B, as a result of
physiological saline supplied from the discharge pump 600
flowing through the discharge tube 610 and passing through
the first flow path 541 continuous with the through hole 510,
the second flow path 542, and the third flow path 543 con-
tinuous with the through hole 520, the empty cells near the
capturing plate 300 flow and are collected at the outside
through the aspiration tube 210.

As a result, unnecessary empty cells can be collected efli-
ciently while allowing the necessary injected cells to remain
in the cell capturing plate 300. The liquid discharged as col-
lection liquid from the discharge pump 600 (cell turbid solu-
tion, culture liquid, or physiological saline) can use the same
liquad as the liquid used for injection.

Although the function of the empty-cell collection plate
500 of the second embodiment 1s mainly to collect the empty
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cells, 1t can be also used as an injection liquid supply appa-
ratus for supplying a liquid (cell turbid solution, culture 11g-
uid, or physiological saline) to the Petr1 dish 100 when simply
carrying out cell injection.

As has been explained above, since the second embodi-
ment 1s composed by mounting the empty-cell collection
plate 500 for collecting unnecessary empty cells within the
Petri dish 100, 1n addition to being able to easily distinguish
between the injected cells and the empty cells within the Petri
dish 100, which has not been achieved by the conventional
techniques, the necessary injected cells remain in the captur-
ing plate 300, while unnecessary empty cells can be effi-
ciently collected.

Vanations of the empty-cell collection plate of the second
embodiment are explained in detail with reference to FIGS.
9A to 9C. FIG. 9A 15 a first example of the structure of an
empty-cell collection plate 500a. As shown in FIG. 9A, this
example 1s characterized by employing a constitution that the
flow path from the through hole 510 to the capturing plate 300
1s 1n the form of a branched flow paths 544, and by supplying
liqguid from these tlow paths 544 (multiple discharge flow
paths), an eddy tlow path 1s formed near the position where
the capturing plate 300 1s disposed.

Since liquid flows in from these multiple flow paths 544,
eddy tlow 1s generated near the capturing plate 300, thereby
enabling empty cells to be removed. Accordingly, only the
necessary cells can be captured.

FIG. 9B 15 a second example of the structure of the empty-
cell collection plate 500b. As shown 1n FI1G. 9B, this example
employs a constitution that flow paths 545, 545 respectively
connected to two through holes 511, 511 form a branched
flow path. In this second example, since the force of the liquid
that flows from the flow paths 545, 545 1n two directions
increases, empty cells can be removed more effectively.

In this case, when discharging liquid from each of the two
through holes 511, 511, the characteristics of each liquid can
be changed. For example, eddy flow can be generated more
casily by changing conditions such as concentration and tem-
perature.

FIG. 9C 1s a third example of the structure of the empty-cell
collection plate 500¢. As shown 1n FIG. 9C, this example 1s
characterized by providing a plurality of convex portions 547
at the position of the nitial flow path that leads to the captur-
ing plate 300. Namely, since these convex portions 547 serve
as obstructions in the flow path, when water that flows 1n from
the first flow path 541 has reached these convex portions 547,
the flow path 1s dispersed, resulting in the formation of eddy
flow near the capturing plate 300 and enabling empty cells to
be removed more etlectively.

A third embodiment of the cell capturing apparatus accord-
ing to the present invention 1s explained 1n detail with refer-
ence to FIG. 10. FIG. 10 1s a perspective view of the consti-
tution of a multifunctional tlow path plate 900. As shown 1n
FIG. 10, the third embodiment 1s characterized by employing
a constitution that the multifunctional flow path plate 900 1s
provided 1n the cell capturing apparatus, and the multifunc-
tional tlow path plate 900 includes (1) a function that supplies
cells, culture liquid and the like, (2) a function that collects
empty cells, (3) a function for allowing cells that have been
injected (1njected cells) to tlow, and (4) a function that collects
the mnjected cells.

Namely, as shown in FI1G. 10, the multifunctional flow path
plate 900 has an injected-cell collecting flow-path 910 for
allowing injected cells to flow and collecting those injected
cells, and an empty-cell collecting tlow-path 930 for allowing
empty cells to tlow and collecting those empty cells, that cross
nearly perpendicularly. The capturing plate 300 1s provided at
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the position (center) where the 1njected-cell collecting flow-
path 910 and the empty-cell collecting tflow-path 930 respec-
tively cross.

A discharge port 920 from which liquid 1s discharged 1s
formed 1n the upstream end (upper side of FIG. 10) of the
injected-cell collecting tlow-path 910, and an observation
well 800 formed 1nto a circular shape for observing cells 1s
provided at the downstream end (lower side of FIG. 10).
Introduced cells that have flowed from the capturing plate 300
are made to tlow into the observation well 800 by liquid
discharged from the discharge port 920, and a transparent
plate member 410 that uses a glass material and the like 1s
affixed to the bottom of the observation well 800. As a result,
injected cells that have flowed into the observation well 800
can be easily observed with transmitted light or fluorescent
light through the transparent plate member 410.

A first inclination 912, which inclines upward from the
position of the upper surface of the capturing plate 300, and a
second 1nclination 913, which inclines downward from the
apex of the first inclination 912 towards the observation well
800, are provided between the capturing plate 300 and the
observation well 800. In other words, by providing the first
and the second inclinations 912 and 913 at an intermediate
position in the tlow path from the capturing plate 300 to the
observation well 800, 1injected cells that have flowed 1nto the
observation well 800 are etfectively prevented from flowing
back outside the observation well 800.

Furthermore, a step 911, the position of which lowers as it
approaches the capturing plate 300, 1s provided 1n the multi-
functional flow path plate 900 at the position where the flow
path for collecting 1injected cells and the tflow path for collect-
ing empty cells itersect to prevent mixing of empty cells and
injected cells.

A discharge port 940 from which liquid 1s discharged 1s
formed 1n the upstream end (left side of FIG. 10) of the
empty-cell collecting flow-path 930, and an empty cell col-
lection port 950 for collecting empty cells 1s provided 1n the
downstream end (right side of FIG. 10). Surplus cells present
near the capturing plate 300 are made to tlow into the empty
cell collection port 950 by liquid discharged from the dis-
charge port 940.

During collection of 1njected cells and empty cells by the
multifunctional tlow path plate 900, the times at which liquid
1s allowed to flow differ between the case of collecting
injected cells and the case of collecting empty cells. In the
case of supplying cells or culture liquid to the Petri dish 100,

either the liquid discharge port 920 or the liquid discharge
port 940 1s used.

FIG. 11 1s a top view of a shield flow path for preventing
mixing of the empty cells and the imjected cells. Namely, as
shown 1n FIG. 11, the third embodiment 1s characterized by
respectively forming discharge ports 915 from which clean-
ing liquid flows at both ends of the discharge port 920 for
removal of the empty cells. More specifically, liquid is first
made to flow from a pair of the liquid discharge ports 915
provided on the left and right sides before carrying out an
empty cell removal step.

As a result, since a so-called shield tlow path (a curtain of
path) 1s formed, the flow of the empty cells 1into the discharge
port 920 for injected cells and the discharge port 940 for
collection 1n the observation well 800 can be reliably pre-
vented. At this time, since the flow rate when 1njected cells are
allowed to flow 1s faster than the flow rate when the empty
cells are allowed to flow, shielding effects are further
improved, thereby making 1t possible to prevent mixing of the
empty cells and the 1njected cells.
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An example of a collection method for 1njected cells using
the multifunctional flow path plate 900 1s explained with
reference to FIGS. 12 and 13. FIG. 12 1s a cross-section of
relevant parts shown in FIG. 11, and depicts the state prior to
collecting injected cells. FIG. 13 1s also a cross-section of the
relevant parts shown 1n FIG. 11, and depicts the state during
collection of mjected cells. Namely, in this example, a col-
lection pump 960 for collecting injected cells 1s provided at
one end of the well 800, and by varying the aspiration pres-
sure generated by the collection pump 960 (between positive
pressure and negative pressure), the injected cells and the
empty cells are prevented from mixing. More specifically, the
collection pump 960 1s controlled so as to generate positive
aspiration pressure prior to collecting injected cells as shown
in FIG. 12.

In this case, as shown 1n FIG. 12, liguid does not penetrate
into the observation position of the well 800. Accordingly,
liquid can be prevented from flowing into the well 800. On the
other hand, the collection pump 960 1s controlled by switch-
ing its aspiration pressure from positive pressure to negative
pressure when collecting injected cells. Accordingly, as
shown i FIG. 13, mjected cells tlow imto the well 800
together with a cell turbid solution discharged from the liquid
discharge port 920 (FIG. 11), enabling these 1njected cells to
be observed.

A fourth embodiment of the present invention 1s explained
in detail with reference to FIG. 14. The fourth embodiment 1s
characterized by employing a method of fixing the capturing
plate 300 to the Petr1 dish 100 (joined orientation of the
capturing plate 300). Namely, when observing cells by trans-
mitted light with a microscope provided 1n the cell capturing
apparatus, although a cell turbid solution (culture liquid)
present in the concave portion 310 of capturing plate 300, air
and the transparent plate member 400 are present between the
capturing plate 300 and the objective lens of the microscope,
i air bubbles are present between the transparent plate mem-
ber 400 and the capturing plate 300, cells cannot be observed
satisfactorily. Thus, cells are observed in the state in which
culture liquid 1s filled between the transparent plate member
400 and the capturing plate 300.

Since the optical resolution during microscopic observa-
tion 1s affected by the thickness of the culture liquid, when
culture liquid 1s filled mto the concave portion 310 of the
capturing plate 300, optical resolution decreases. Decreases
in optical resolution can therefore be prevented by reducing
the thickness (amount filled) of the culture liquid. In focusing
on this point, the fourth embodiment employs a constitution
that the separation distance between the transparent plate
member 400 adhered to the bottom of the Petr1 dish 100 and
the capturing plate 300 1s shortened.

More specifically, as shown 1n FI1G. 14, differing {rom the
orientation 1 which the capturing plate 300 1s joined as
shown 1n the first embodiment, the lower surface 320 of the
capturing plate 300 contacts the bottom wall 110 of the Petri
dish 100. According to the constitution of the fourth embodi-
ment, the distance between the transparent plate member 400
and the capturing plate 300 can be shortened, and the thick-
ness to which culture liquid 1s filled can therefore be reduced.
Accordingly, decreases 1n optical resolution of the culture
liquid during observation can be prevented.

A constitution can be also employed 1n which the lower
surface of the capturing plate 300 1s made to be slightly
embedded 1n the bottom wall 110 of the Petr1 dish 100,
thereby making it possible to shorten the distance between the
transparent plate member 400 and the capturing plate 300.

As has been explained above, since the fourth embodiment
1s composed by allowing the lower surface of the capturing
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plate 300 to contact the bottom wall 110 of the Petr1 dish 100,
the separation distance between the transparent plate member
400 and the capturing plate 300 can be shortened, and the
thickness to which culture liquid 1s filled can therefore be
reduced, thereby making it possible to prevent decreases in
optical resolution during microscopic observation.

A fifth embodiment of the present invention 1s explained 1n
detail with reference to FIGS. 15A and 15B. FIG. 15A 1s a
schematic view of the direction 1n which the capturing plate
300 1s joined to the Petrni dish 100 according to the fifth
embodiment, and FIG. 15B 1s a schematic view of the direc-
tion 1n which the capturing plate 300 1s joined to the conven-
tional Petri dish 100.

As shown 1 FIG. 15B, although the capturing plate 300 1s
provided such that 1t 1s disposed nearly in parallel with the
bottom wall 110 of the Petr1 dish 100, 1n this case, there 1s a
certain degree of impairment of the empty cells collected by
crossing the concave portion 310 1n escaping due to the walls
of the concave portion 310 during collection of the empty
cells.

In focusing on this point, as shown 1 FIG. 15A, the fifth
embodiment sets the direction of placement of the capturing
plate 300 in the Petr1 dish 100 so as to be positioned where 1t
1s oriented at an angle of about 45 degrees to the flow of liquud
(rotated on an angle to the liquid flow path). Namely, as
shown 1n FIG. 15A, by setting the orientation of the capturing
plate 300 to be about at an angle 01 45 degrees, the angle of the
walls of the concave portion 310 become smaller, thereby
facilitating removal of the empty cells.

As has been explained above, since the direction 1n which
the capturing plate 300 1s placed 1n the Petr1 dish 100 1n the
fifth embodiment 1s set so as to be positioned at an angle of
about 45 degrees, the flow during removal (collection) of the
empty cells and collection of injected cells become linear, and
in addition to enabling the collection efficiency of the empty
cells to be improved, defective collection of the empty cells
can be prevented.

A sixth embodiment of the present invention is explained in
detail with reference to FIG. 16. FIG. 16 1s a schematic
diagram of the constitution of the capturing plate 300 accord-
ing to the sixth embodiment. Namely, as shown 1n FI1G. 16, by
making one of the thick portions of the concave portion
formed on the capturing plate 300 to be thin, a part of the
concave portion serves characteristically as a concave portion
311 that distributes the flow of liqud.

In the case of the capturing plate 300 according to the sixth
embodiment, by forming a flow path in the capturing plate
300 by reducing the thickness of a thick portion of the cap-
turing plate 300, in addition to resulting 1n a linear tlow during,
removal (collection) of the empty cells and collection of
injected cells, the collection efficiency of the empty cell and
injected cells can be improved.

As has been explained above, since a distribution route 1s
formed 1n the direction of flow 1n which liquid 1s distributed
in one of the concave portions formed on the capturing plate
300 1n the sixth embodiment, the flow of the removal (collec-
tion) of the empty cells and collection of injected cells
becomes linear, thereby making it possible to improve the
collection efficiency of the empty cells and 1njected cells.

According to an aspect of the present invention, 1t 1s pos-
sible to reliably prevent leakage. Moreover, 1t 1s possible to
reliably and rapidly inject a predetermined amount of a sub-
stance mto a large number of single cells. Furthermore, 1t 1s
possible to observe cells easily and reliably with a transmitted
light.

Moreover, because a fabrication step 1s carried out in which
the back of the bottom wall of the cell capturing container 1s
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machined, and the formed flow groove 1s sealed with a trans-
parent plate member, an aspiration flow path for capturing
cells can be fabricated easily without causing increased costs.

Furthermore, because the aspiration flow path formed
inside the cell capturing container employs a constitution that
aspirates liquid with an aspirating umt disposed above, a
microscope can be disposed below the transparent plate mem-
ber. Accordingly, problems such as a contact between the
needle used to aspirate cells and the microscope can be elimi-
nated.

Moreover, mnjected cells and empty cells can be distin-
guished easily and reliably.

Furthermore, in addition to mjected cells and empty cells
inside the Petr1 dish being able to be distinguished easily,
which has been unable to be carried out 1n conventional
techniques, the necessary injected cells remain in the cell
capturing plate, while unnecessary empty cells can be col-
lected efficiently.

Moreover, mixing of empty cells and 1njected cells can be
reliably prevented by improving the shielding action between
the 1injected-cell collecting tflow-path and the empty-cell col-
lecting tflow-path.

Furthermore, the separation distance between the transpar-
ent plate member and capturing plate can be reduced, the
thickness at which the culture liquid (cell turbid solution) 1s
filled can be reduced. Accordingly, decreases 1n optical reso-
lution during microscopic observation can be prevented.

Although the invention has been described with respect to
a specific embodiment for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled 1n the art that
tairly fall within the basic teaching herein set forth.

What 1s claimed 1s:

1. A cell capturing apparatus suitably used to capture a cell
and 1nject a substance 1nto captured cell while observing the
cell under a microscope, comprising:

a cell capturing container having a bottom wall and a side

wall, the bottom wall including

a first through hole;

a second through hole; and

a groove to connect ends of the first through hole and the
second through hole that open on an outer surface of
the bottom wall;

a transparent plate member to cover a portion of the outer
surface of the bottom wall including at least the first
through hole, the second through hole, and the groove;

a capturing plate disposed on an 1nner surface of the bottom
wall and above the first through hole;

an aspiration tube with one end to be connected to an upper
portion of the second through hole and other end to be
connected to an aspirating unit, to capture the cell 1n a
micropore of the capturing plate by aspirating;;

an injected-cell collecting tflow-path to connect a first dis-
charge port for discharging liquid and a well to collect an
injected cell in which the substance has been 1njected,
and to guide the imjected cell being captured 1n the
micropore 1n a direction towards the well;

an empty-cell collecting flow-path to connect a second
discharge port for discharging liquid and a collection
port for collecting an empty cell in which no substance
has been 1njected, and to guide the empty cell near the
capturing plate in a direction towards the collection port,
which 1s different from the direction towards the well;
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a pair of additional discharge ports that are provided on

both sides of the second discharge port to discharge

liquid to a direction parallel to the liquid discharged

from the second discharge port before the second dis-
charge port discharges liquid; and

a collection pump provided at one end of the well, to switch

aspiration pressure from positive pressure to negative
pressure on the injected cell being guided by the
injected-cell collecting tlow-path,

wherein the first discharge port and the second discharge

port alternately discharge liquid.

2. The cell capturing apparatus according to claim 1,
wherein the aspirating unit 1s to aspirate the liquid and the
empty cell from the collection port.

3. The cell capturing apparatus according to claim 1, fur-
ther comprising:

an obstruction member arranged 1n the empty-cell collect-

ing tlow-path between the second discharge port and the
capturing surface of the capturing plate and to cause an
obstruction 1n a flow of the liquad.

4. The cell capturing apparatus according to claim 1,
wherein the empty-cell collecting flow-path between the sec-
ond discharge port and the capturing surface of the capturing
plate includes a plurality of empty-cell collecting sub-flow-
paths.

5. The cell capturing apparatus according to claim 4,
wherein the empty-cell collecting sub-flow-paths join
together to form a single empty-cell collecting flow-path just
betore reaching the capturing surface of the capturing plate.
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6. The cell capturing apparatus according to claim 1, fur-
ther comprising;:

a plurality of convex portions arranged in the empty-cell
collecting flow-path between the second discharge port
and the capturing surface of the capturing plate and
causes an obstruction 1n a tlow of the liquid.

7. The cell capturing apparatus according to claim 1,
wherein a step 1s provided around the capturing surface of the
capturing plate where the injected-cell collecting tlow-path
and the empty-cell collecting flow-path respectively inter-
sect.

8. The cell capturing apparatus according to claim 1,
wherein an inclination that prevents back flow of mjected
cells that have tlowed 1nto the well 1s provided at an interme-
diate position in the flow path that leads from the capturing
surface of the capturing plate to the well on the downstream
side of the 1njected-cell collecting flow-path.

9. The cell capturing apparatus according to claim 1, the
capturing plate includes at least one capturing through hole
for capturing the cell, wherein

the cell capturing plate 1s disposed on the inner surface of
the bottom wall 1n such a manner that the transparent
plate member 1s located near the capturing through hole.

10. The cell capturing apparatus according to claim 1,
wherein the capturing plate 1s disposed on the inner surface of
the bottom wall 1n such a manner that the capturing plate
makes an angle of about 45 degrees relative to a direction of
the liquid tlow along the empty-cell collecting flow-path.
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